The extremely high intensity and pulsed structure of synchrotron radia ion x-ray sources put very demanding requirements on associated x-ray detectors. In current detector systems, trade-offs must be made between the efficiency energy resolution, counting rate capability and the spatial resolution. Two detector systems are described which illustrate the optimization of these parameters for different applications of synchrotron radiation. One system is a segmented 16 channel multiwire proportional chamber which is used for fluor escent EXAFS measurements. The other is a 30 element Si(Li) linear detector array which 1s used for digital angiography experiments. The characteristics of these systems are discussed and recent results obtained with them are presented.
INTRODUCTION
The unique characteristics of synchrotron radiation x-ray sources have made possible many Interesting and fruitful areas of research 1n physics, chemistry and biology. Although the mechanics of the measurements vary, generally they Involve the detection of transmitted, scattered or fluores cent x-rays. These x-rays are often present In very high fluxes, highly collimated and monochromatlzed to a high energy resolution. Furthermore, they can reflect the complex time structure of the stored electron beam from which they are derived.
All of these properties present demanding requirements on x-ray detec tion systems. The Ideal detector and Its associated electronics would have an energy resolution comparable to that of the beam, would exhibit a fast response time and corresponding high-counting rate capability and would be capable of encoding the location at which the event is detected. However, current detectors do not possess all of these desirable charac teristics simultaneously but emphasize some of them at the expense of others. Gas ionization chambers measure high fluxes with little energy, position or time information. Semiconductor detector spectrometers have moderately good energy resolution but limited rate handling capability. Scintillation detectors have good counting rate capability but limited energy and position discrimination. Multiwire proportional chambers can be designed with excellent spatial resolution and rate capabilities but only limited energy resolution. Other systems have similar limitations.
Me have developed two types of multichannel detectors for use with synchrotron x-ray beams. Each system exhibits a specific optimization in characteristics which is tailored to the type of experiment being perform ed. Both detectors are segmented into elements which are coupled to separate readout channels to help distribute the counting rate and provide some spatial information. One detector is a segmented, multiwire propor tional chamber which is used to obtain high-counting rate data from fluor escent extended x-ray absorption fine structure (EXAFS) experiments on dilute samples. Its major advantages are excellent counting rate capabil ity, a large solid angle and moderate position and energy resolution. The second detector is a small 30 element Si(Li) detector which is used to achieve high speed flux measurements with good spatial resolution and high -3-efficiency in an experiment using synchrotron radiation for digital angio graphy.
SEGMENTED HULTIWIRE PROPORTIONAL CK'.«MBER
Fluorescent EXAFS 1s a sensitive method of determining the radial distance parameters of the atomic constituents of many substances. In many biological systems it is often interesting to study elements which are present in only parts per million concentrations in samples of only a few grams. For these studies and other dilute systems, the detection of the fluorescence x-rays from the sample is the most sensitive method of EXAFS measurement. We have developed a segmented, multiwlre gas propor tional chamber as a general purpose detector for fluorescent EXAFS experi ments. The detector has a large solid-angle, good detection efficiency and excellent counting rate performance. Additional advantages of this detector include relatively simple construction, inexpensive, commercially available electronic readout and the ability to improve the signal-tonoise ratio by separating events emitted near 90* to the sample from those at other angles.
The detector geometry is shown in Figure 1 . The active detector area is 190 cm x 190 cm and the thickness is 7 mm. It is filled with an Ar-CH 4 (93X -75!) gas mixture. With this gas the detection efficiency at 6 keV is 80S while at 15 keV it drops to lit. Other gases could be used to improve the efficiency at higher energies. The first 21 mm of the chamber is used as a drift region In which the charge produced by the photoelectrons 1s drifted to the multiplication region at the rear by a field of 40 V/mm. In addition to Improving the efficiency of the detec tor, this region also serves to spread out the time distribution of the incident x-rays so that more than one event can be counted by each segment for each beam pulse giving excellent count rate performance. The multipli cation region of the chamber is separated from the drift region by a grid of copper-beryllium wires. Proportional charge multiplication takes place near one of the anode wires in the anode plane. This plane consists of 20 urn diameter gold-covered tantalum wire which are spaced 2 mm apart and are biased at +4200 V. 
MULTIELEMENT SILICON DETECTOR
The other detector 1s a segmented S1(L1) detector which is used 1n an experiment to study the application of synchrotron radiation to non invasive x-ray Imaging of coronary arteries. In this application the main detector requirement is good spatial resolution combined with high detec tion efficiency for 33 keV x-rays. The principle of the measurement, which is outlined in Fig. 3 , consists of the measurement of the trans mitted x-ray flux for energies immediately above and below the iodine K absorption edge at 33.169 keV. Since the iodine absorption cross section increases abruptly by a factor of six at this edge while the cross section of other elements 1s relatively unchanged, the difference of the two measurements will reflect only the iodine concentration and not the dif ferences due to bone and tissue. For the imaging of coronary arteries, the patient would be Injected in a vein with an iodine solution which would then flow through the coronary arteries. Since the iodine is rapid ly dispersed throughout the body the complete measurement must be accom plished in less than 10 seconds. It is envisaged that in the final system, the heart will be scanned using an x-ray beam which is 150 mm wide and 0.6 mm high. The transmitted flux in each 0.6 mm of the beam will be individually measured using a 250 element Si(Li) detector which has an active volume 150 mm long, 4 mm high and 5 mm thick.
A silicon detector was chosen for this experiment for several rea sons. A 5 mm thick silicon detector has an efficiency of 70S at 33 keV and is relatively easy to fabricate as a position-sensitive detector. This is done by replacing one of the contacts with a linear array of contacts which can be connected to separate electronic readout channels.
-6-Inherent in the operation of such detectors is the excellent linearity and stability of its response to x-rays which results in a convenient and reliable calibration of the imaging system. The measurement Interval will be 15 ms following which the monochromator will be rapidly rotated to the other energy for the second measurement. The blurring of the Image by notion of the heart will be minimized using this procedure. After each pair of measurements, the patient will be translated vertically by 0.6 mm and the next pair of measurements p»rformed. We estimate that a complete scan of a 150 mm x ISO mm area can be completed in less than eight seconds. show the final ratio images that were achieved with 1 mm (5c) and 2 0.5 mm (5d) pixel size. In both ratio images the arteries are clearly 2 seen but there is significantly better resolution with the 0.5 mm pixel size. Examination of the calf's heart following the experiment verified that the two voids visible 1n the image were due to air bubbles and that some of the grainlness of the Image was due to incomplete mixing of the iodine in the Cuttersll. We are currently developing mechanical and electronic instrumentation to enable us to take images within several seconds with this prototype detector so that we can study the effect of sample movement using animate samples. 
